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[57] ABSTRACT

A hemostasis valve 1s provided for catheters or the like,
comprising an elastomeric partition valve secured in a
housing. A linear slit extends through the partition
valve between the major faces thereof. By this inven-
tion, the slit defines a line at each major face, with the
respective lines at the major faces being in non-align-
ment and thus defining an angle with respect to each
other. The slit defines at least one generally helical slit
section between the lines of the major faces, within the
partition valve. Such a partition valve exhibits better
sealing characteristics over a wide range of diameters of
catheters, leads, or the like penetrating the partition
valve, as well as other advantages.

27 Claims, 1 Drawing Sheet
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1
MEDICAL INSTRUMENT VALVE

BACKGROUND OF THE INVENTION

Hemostasis valves are well-known, being currently
used, for example, on catheters for performing percu-
taneous transluminal coronary angioplasty (PTCA) as
well as angilographic procedures, for example where
x-ray contrast fluid is inserted into the coronary artery.
Hemostasis valves are also used to prevent the leakage
of blood out of the ends of dilation and guidance cathe-
ters, to prevent the seepage of blood between the guide
wire and the dilitation catheter, and also between the
two catheters.

Numerous types of hemostasis valves are known, by
way of example, see Stevens, U.S. Pat. No. 4,000,739,
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Matsumoto et al, U.S. Pat. No. 4,610,665, and Weinstein

U.S. Pat. No. 4,626,245.

Hemostasis valves may also be employed for the
introduction of other catheters into the circulatory sys-
tem or elsewhere in a leak-proof manner. The valve
may be carried by any catheter or sheath introducer, to
permit an inner catheter, probe, or the like to be placed
through the hemostasis valve to form a leak-proof seal
and a port of entry.

In accordance with this invention, a hemostasis valve
is provided which exhibits significantly improved toler-
ance for varying diameters of catheters, probes, leads or
the like penetrating it without leakage or damage to the
valve. Thus, one catheter or another item carrying such
a hemostasis valve is capable of receiving catheters or
the other items as mentioned above having a greater
variation in diameter. Additionally, the valve of this
invention exhibits improvements by reducing sliding
resistance for elongated objects such as catheters as
they pass through the valve, yet they still provide good
resistance to dislodgement of such a catheter after it has
been properly positioned. Similarly, reduced compres-
sion on the catheter or other elongated member is noted
within the valve of this invention, permitting greater
facility in the use of multi-lumen catheters, for example.
Nevertheless, the hemostasis valve of this invention still
exhibits excellent and even improved pressure handling
capabilities, to prevent leakage under pressure, whether
or not an elongated object is passing through the valve
of this invention. -

DESCRIPTION OF THE INVENTION

This invention relates to a hemostasis valve, which
may be used for preventing backflow of blood or other
fluids through a catheter or the like, while permitting
passage of a probe, an inner catheter, an electrical lead,
or any other elongated member through the valve. Asis
conventional, the hemostasis valve comprises an elasto-
meric partition valve having opposed major faces, the
partition valve being secured in a housing.

In accordance with this invention, a linear slit extends
through the partition valve between the major faces
thereof, the slit defining a line at each major face in
which the respective lines at the opposed major faces
define an angle to each other. Also, the slit through the
partition valve defines at least one substantially helical
slit section extending between the above described lines
on the major faces, through the partition valve. Such a
design of slit has been found to provide improved seal-
ing characteristics over a wide range of catheter diame-
ters (or diameters of other elongated members passing
through the hemostasis valve). Additionally, a self com-
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pensating lubricity is provided, possibly caused by a
sliding ““iris” effect inherent in the spiral design of the
slit used in the hemostasis valve of this invention, to
permit easy insertion and withdrawal of elongated
members through the valve. Nevertheless, the structure
provides sufficient gripping action so that elongated
members are not easily dislodged by unintentional
means.

Additionally, the design of slit in the valve of this
invention provides reduced compression on multi-
lumen catheters, as well as improved resistance to leak-
age under circumstances of high pressure. The valve of
this invention is easily manufactured for significant
improvements in the performance of hemostasis valves
for the above reasons and others as well.

Preferably, the above described line at each major
face of the partition valve defines a plurality of inter-
secting radii, typically three, the radii being preferably
substantially equiangularly spaced to each other on
each face. These radii define an angle with correspond-
ing radii on the opposed major face, with the respective,
corresponding, opposed radii on opposed major faces
defining a plurality (typically three) of the helical slit
sections between them, the helical slit sections being in
generally coaxial relation to one another.

Typically, the respective lines or radii on the opposed
major faces which are connected to each other by a
helical slit section define an angle of 10 to 180 degrees
or more. Preferably this angle is 30 to 90 degrees, most
preferably about 60 degrees. |

The housing and elastomeric partition may be of any
conventional design in which the housing holds the
elastomeric partition about its edges, so that the central
portion of the major faces are exposed for access by a
catheter, a probe, or the like for passage therethrough.
A major distinction of the invention of this application
lies in the nature and shape of the slit which extends
through the elastomeric partition valve. The elasto-
meric partition valve may be a simple disc of natural or
synthetic latex, or any other desired elastomer which
generally has sufficient resilience, typically in the range
of 30 to 50 Shore “A” Durometer. Interestingly, inher-
ently good needle resealability may not necessarily be a
critical characteristic for a good material used as the
elastomeric partition valve in this invention. For exam-
ple, silicone rubber, espectally silicone rubber materials
having an impregnated amount of free silicone fluid
(e.g. dimethylpolysiloxane preferably present in an
amount of 2 to 10 weight percent) may desirably be
used, although such is not often used as a needle-reseala-
ble barrier. The free silicone fluid can act as a lubricant
that facilitates the advantages of this invention. Other
elastomers and other impregnated fluid lubricants may
also be used.

As one manufactures the partition valve in accor-
dance with this invention by cutting a slit through it,
one rotates the cutting blade (or the valve) during the
cutting process so that the blade at its entry point on one
major face defines an angle with itself at its exits point
on the other major face, to provide the desired helical

slit as described above.

The cutting blade may be of the desired helical shape,
being rotated as it cuts through the elastomeric partition
valve, but straight blades, perpendicular to the plane of
the partition valve, can also be easily used because of
the elastomeric nature of the partition valve.. Specifi-
cally, the shape of the blade at its cutting edge will be
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identical to the shape of the slit at each major face.
Thus, preferably, the blade may also comprise a plural-
ity of intersecting radial edges, particularly three, inter-
secting substantially equiangularly spaced radial edges,
to define the preferred slit pattern. Then, the radially 5
edged blades pass through the elastomeric valve with
rotation to form the desired angle between the lines or
radii at each major face as described above. It is gener-
- ally preferred for a slit having a cross section of chev-
ron shape, or a shape of two to six substantially equian- 10
-gularly spaced radil from a common origin, to be used.
However, it is not mandatory for the radii to be equian-
gular 1n their spacing.

After the novel design of slit has been formed by

cutting into the elastomeric partition valve of this in- 15
vention, it may be mounted into a housing in conven-

tional manner, carried if desired on a catheter or the like
for use. See the above cited patents, as well as other
known technology for conventional housing designs
and the like. 20

DESCRIPTION OF THE DRAWINGS

In the drawings,

FIG.11sa per3pective view, with a portion cut away,
of a catheter which carries the hemostasis valve of this 25
invention.

FIG. 2 is an enlarged plan view of the hemostasm
valve of this invention showing a preferred slit pattern
in the elastomeric partition valve.

FIG. 3 1s a perspective view of the elastomeric parti- 30
tion valve of FIG. 2, showing the slit pattern.

FIG. 4 is a transverse sectional view taken along line
4—4 of FIG. 2.
FIG.51sa pempectwe view of the elastomerlc parti-
tion valve of this invention. 35
FIG. 6 1s a partial perspective view of a device for
cutting the preferred slit pattern into an elastomeric
disc.

FIG. 7 is a sectional view taken alcng line 4—4 of
FIG. 6. 40

DESCRIPTION OF SPECIFIC EMBODIMENT

Referring to the drawings, FIG. 1 shows a catheter
sheath introducer 10, adapted to receive an inner cathe- .
ter 12 as shown for inserting into the vascular system of 45
a patient. Catheter sheath introducer 10 is used to intro-
duce a catheter into a blood vessel while preventing
blood backflow along the outside surface of the catheter
during procedures in which a catheter is inserted into
the vessel. Current designs of catheter sheath introdu- 50
cers are typically limited to a narrow range of only one
or two French sizes of inner catheter 12 for which they
can provide effective entry and sealing, while permit-
ting inner catheter 12 to remain lubricious by not re-
moving too much lubricant from it. This situation is 55
improved by the invention of the previously cited U.S.
Pat. No. 4,626,245. However, in accordance with this
invention, further improvements relating to size toler-
ance of the valve of this invention are provided, along
with the other advantages as described above. 60
~ Catheter sheath introducer 10 defines outer tubular
housing 14 which carries cannula portion 16 of catheter
sheath introducer 10, positioned in attached, telescop-
ing relation with tubular protrusion 18 of the housing,
Side port 20 may be of conventional design, being 65
adapted for telescoping connection with plastic tubing
22, for providing a saline solution for flushing the inte-
rior of housing 14 and tubing extension 16.

Housing 14 also carries self-sealing penetrable barrier

-as elastomeric partition valve 24, which may be made of

an appropriate elastomeric material. For example, natu-

ral rubber latex is well-known for providing excellent

resealing characteristics. However, silicone elastomers,
fluoropolymers, polyurethane elastomers, or any other

‘elastomeric material may be used, depending upon the

performance parameters desired, especially when they
carry an impregnating lubricating oil. Preferably an
oil-impregnated sﬂlcone rubber of Durometer 40 may
be used. -

‘Housing 14 may comprlse casmg poriions 26, 28
which are sealed together in telescopic relation and

which peripherally capture peneirable barrier 24 be-

tween them as shown. Alternatively, casing portion 28
may be a screw cap, for adjustable compressive reten-

tion of elastomeric barrier 24. Annular ribs 30, 32 may
be provided in each housing portion to provide more
positive capture of the elastomeric portion 24. |
Referring to FIGS. 2 thru 5, details of the slit design
in partition valve 24 are disclosed. Specifically, the
cross-sectional shape of slit 40 is of the shape of three,
intersecting, substantially equiangularly spaced radii 42,
44, 46, spaced about origin line 48 by about 120 degrees,
and defined on major face 50. Alternatively, with four

-equiangularly spaced radii, the included angle between

each radius is 90 degrees. Six spaced radii may define

“included angles of 60 degrees. Two equiangularly

spaced radii define an included angle with each other of
180 degrees, and thus define a single, straight line, for a
simplified version of the invention of this application.
On major face 32, on the other side of partition valve
24, slit 40 defines a substantially identical cross-section
of three, intersecting, substantially equiangularly
spaced radii 54, 56, 58, with respective helical slit sec-
tions 60, 62, 64 defined between the respective radii on
opposed faces 58, 52 through the material of partition
valve 24. As stated before, such a slit can be provided
by a knife of corresponding cross-sectional shape which
may have angled, or helical blades if desired, and which
may be rotated as the blades cut through partition valve
24. Specifically, the total angle of cutting rotation
shown is about 60 degrees, so that each radius 42, 44, 46
on surface 50 defines an angle of about 60 degrees to
each radius 54, 56, 58 on surface 52 of partition valve 24.
Preferably, the angle of cutting rotation increases lin-
early as cutting progresses. For example, if the total
cutting angle 1s 60 degrees, at one-quarter depth from
surface 50 the blades have rotated 15 degrees; at one-

~ half of the depth between surfaces 50 and 52 the blades

have rotated 30 degrees, etc.

FIGS. 6 and 7 show apparatus for punching a slit in
accordance with this invention into a partition valve 24.
The silicone rubber disk (containing impregnated sili-
cone o1l) that is to become partition valve 24 may be
mounted in a jig 60, or otherwise mounted between
casing portions 26, 28 on a catheter or the like. Triple-
finned blade 62 is brought against the disk, while rotat-
ing as shown. Blade 62 is advanced through the op-
posed, major faces 50, 52 of the disk, being rotated by
about 60 degrees as it advances between faces 50, 52, to
cut the desired slit. Then, blade 62 is withdrawn from
the newly-formed partition valve 24.

~ Origin line 48, as well as helical slits 60, 62, 64, extend

entirely through partition valve 24 in a manner con-
trary, for example, to the disclosure of U.S. Pat. No.
4,626,2435. Thus, when a catheter 12 or other elongated
member 15 passed through partition valve 24, it passes
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easily, with great tolerance, as to deviation in diameter
of catheter 12, yet with good sealing retention of parti-
tion valve 24 about catheter 12, exhibiting the advan-
tages described above.

Valve disk 24 may, for example, be about 0.068 inch
thick, with its other dimensions being of proportionate
size. When compressed, as by retention in the housing,
the radial lines of the slit on the major faces of the parti-
tion valve may form arcs even through the original, cut
lines are straight, due to compressive forces in the elas-
tomeric valve. It follows that the original, cut lines on
the major faces may be originally curved, if desired.

In the selection of a desired cross-sectional shape for
slit 40 of this invention, the resistance of valve disk 24 to
leakage of pressurized fluids will tend to increase as the
angle subtended by the helical slit sections increases. In
other words, an angle of 180 degrees between corre-
sponding lines on opposed faces of valve disk 24 (and
that much twist provided to the respective helical slit
sections) will tend to provide more sealing capability
than a significantly lesser angle.

Similarly, the sealing power of valve disk 24 will tend
to increase with a reduction in the number of radii pres-
ent in the slit cross-section. A straight line slit can there-
fore provide excellent sealing, especially when the heli-
cal section present twists by 60 degrees or more.

The above has been offered for illustrative purposes
only, and is not intended to limit the scope of the inven-
tion of this application, which is as defined in the claims
below.

That which is claimed is:

1. A medical instrument comprising a housing, said
housing including a valve for receiving and sealing and
elongated member which penetrates said valve, said
valve comprising an elastomeric partition member hav-
ing a first face and a second opposed face and adapted
for securement in a housing, the improvement compris-
ing, in combination:

a slit extending through said valve between said first
and second faces, said slit defining a first line on
said first face and a second line on said second face,
said first line and said second line having a similar
configuration but being in non-alignment with each
other with a generally helical slit section extending
between said first line and said second line.

2. The medical instrument of claim 1 in which said
first line comprises a first plurality of intersecting radii
and said second line comprises a second plurality of
intersecting radii, with said first plurality and said sec-
ond plurality having a similar configuration but being in
non-alignment with each other and with generally heli-
cal slit sections extending between said first plurality
and said second plurality.

3. The medical instrument of claim 1 in which said
partition member carries an impregnated lubricating oil.

4. The medical instrument of claim 1 in which said
partition member comprises a one-piece unitary mem-
ber formed of silicone rubber.

5. The medical instrument of claim 1 in which the
included non-alignment angle is between 10 and 180
degrees.

6. The medical instrument of claim 1 in which the
included non-alignment angle is essentially 60 degrees.

7. The medical instrument of claim 2 in which said
first and second plurality each define three intersecting
substantially equiangularly spaced radii.
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8. The medical instrument of claim 2 in which said
first plurality have an included angle between each
radius of between 60 and 180 degrees.

9. A catheter sheath introducer including a housing,
said housing including an elastomeric partition valve for
receiving a catheter which penetrates said valve, said
valve having a first major face and a generally parallel
and opposing second major face, the improvement com-
prising, in combination:

a slit extending through said partition valve between
satd first and said second major faces, said slit de-
fining a first plurality of intersecting lines on said
first major face and a second plurality of intersect-
ing lines on said second major face, said first plural-
ity and said second plurality having a similar con-
figuration but being in non-alignment with each
other with generally helical slit sections extending
between said first plurality and said second plural-
ity, said helical slit sections having similar configu-

rations to said first plurality and said second plural-
ity in cross-sectional plane that is generally parallel
to and is between said first and said second major
faces.

10. A catheter sheath introducer as described in claim
9, in which the line at each major face defines three
intersecting substantially equiangularly spaced radii.

11. A catheter sheath introducer as described in claim
10, in which said partition valve comprises a one-piece
unitary member carrying an impregnating lubricating
ou and being formed of silicone rubber.

12. A catheter sheath introducer comprising a hous-
ing, said housing including an elastomeric partition
valve for receiving a catheter which penetrates said
valve, said valve having a first major face and a second
generally parallel and opposing second major face, the
improvement comprising, in combination:

a generally Y-shaped slit extending through said par-
tition valve between said first and said second
major faces, said slit defining a first plurality of
intersecting lines of said first major face and a sec-
ond plurality of intersecting lines on said second
major face, said first plurality and said second plu-
rality having a similar configuration but being in
non-alignment with each other with generally heli-
cal slit sections extending between said first plural-
ity and said second plurality, said helical slit sec-
tions having similar configurations to said first

plurality and said second plurality in each cross-
sectional plane that i1s generally parallel to and is
between said first and said second major faces.

13. A catheter sheath introducer as described in claim
12 in which the included nonalignment angle is 10 to
180 degrees.

14. A catheter sheath introducer as described in claim

12 in which said partition valve carries an impregnated
lubricating oil.
15. A method for making an elastomeric partition
valve for use in a housing, comprising the steps of:
positioning an elastomeric member having a first face
and a second opposed face on a fixture for cutting;
providing a cutting blade;
bringing the cutting blade into alignment with said
first face;
providing relative rotation between the cutting blade
and the elastomeric member so that the cutting
blade progresses from said first face through said
second face, with the total rotation having a total
angle of rotation of less than 180 degrees, whereby
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a slit is provided through the partition valve be-
tween said first and second faces, and with said slit
defining a first line on said first face and a second
line on said second face, said first line and said
second line having aa similar configuration but
being in non-alignment with each other.

16. A method for making an elastomeric partition
valve for use in a housing if a medical instrument, com-
prising the steps of:

positioning an elastomeric member having a first face

~and a second, opposed face on a fixture for cutting;

providing a cutting blade having three equiangularly
spaced and radially extending cutting members;

bringing the cutting blade into alignment with said
first face;

providing relative rotation between the cutting blade

and the elastomeric member so that the cutting

blade progresses from said first face to said second

face, with the total rotation between said first face
and said second face having a total angle of rota-
tion of less than 180 degrees, whereby a slit is pro-
vided through the partition valve between said first
and second faces, said slit defining a first plurality
of intersecting lines on said first face and a second

plurality of intersecting lines on said second face,
said first plurality and said second plurality having

-a similar configuration but being in nan-allgnment
with each other.

17. A medical instrument comprising a housing, said
housing including a valve for receiving and sealing an
elongated member which penetrates said valve, said
valve comprising an elastomeric partition member hav-
ing opposed major faces and secured in a housing, the
improvement comprising, in combination:

a slit extending through said partition valve between
the major faces thereof, the slit defining a line at
each major face, the respective lines at said op-
posed major faces defining an angle to each other,
said slit defining at least one generally helical slit
section between said lines on the major faces and
within said partition valve.

18. The medical instrument of claim 17 in which the

hine at each major face defines a plurality of intersecting
radii, said radii on one major face being non-aligned
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with the radii on the other major face and defining an
angle to each other between the major faces, the respec-
tive, corresponding, opposed radii defining a plurality
of said helical slit sections between them, said slit sec-
tions being in coaxial relation to each other. |
19. The medical instrument of claim 18 in which the
line at each major face defines three, intersecting, sub-
stantially equiangularly spaced radii. |
20. The medical instrument of claim 18 in which said
angle is 10 to 180 degrees.
21. The medical instrument of claim 20 in whlch said
angle 1s 30 t0 90 degrees.
22. The medical instrument of claim 18 in which said
partition valve carries an impregnated lubncatmg oil.
23. The medical instrument of claim 22 in which said
partition valve is made of silicone rubber.
24. A medical instrument comprising a housing, said
housing including a valve for receiving and sealing an
elongated member which penetrates said valve, said
valve comprising an elastomeric partition valve having
opposed major faces and secured in a housing, the im-
provement comprising, in combination:
a slit extending through said partition valve between
the major faces thereof, .

the slit defining, at each opposed, major face, a plural-
ity of intersecting, substantially equiangularly
spaced radii, the respective, individual radii on said
opposed faces defining an angle of 10 to 180 de-
grees with each other, the respective, correspond-
ing, angularly related radii on said opposed major
faces respectively defining a plurality of helical slit
sections between them and within said partition
valve, said helical slit sections being in coaxial
relation to each other. |

25. The medical instrument valve of claim 24 in
which the angle of respective radii on said opposed

major faces is 30 to 90 degrees.

26. The medical instrument valve of claim 24 in
which said partition valve carries an impregnated lubri-
cating oil. -

27. 'The medical instrument valve claim 24 in which

said partition valve is made of silicone rubber.
- - S | o %
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